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Accretion & outflow

* Gravity 1s the driving force behind
structure formation, through accretion

* One of the most important recent (and
unexpected!) discoveries 1s that accretion
seems always to be accompanied by
outflow

»star formation (protostars)
» X-ray binaries

»active galactic nuclei
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Accretion & outflow

* Outflows in turn disrupt the accreting gas

»turbulence in molecular clouds P

i
» AGN required to explain galaxy lum1n051ty

function (S. White 2005)
»cavities in cluster X-ray gas

=>» Accretion & outflow fundamentally
linked

¢ why are outflows necessary? . . =

** how do outflows affect the accretion disk?

“* how do outflows affect their surroundings, and
how does this affect subsequent accretion?
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Observational difficulties

 Outflows are often episodic
»HH objects
» X-ray-quiet AGN with extended radio jets/lobes

e ...but timescales are long (decades to millennia &
beyond)

* Outflows are generally seen far from the source, long
after the associated accretion event/instability
e Accretion & outflow tend to occur in (create?) complex,

confusing regions

»protostars live in star-forming regions
»AGN live in the middles of galaxies
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The 1deal sources would be...

e simple
e 1solated

e straightforward to interpret: mass source, accretion disk,
central object, outflow traced independently

*nearby
* NUMeErous

e enough variety to be interesting, but not enough to be
frightening

rapidly evolving
e directly & physically related to their distant, confusing,
slower-evolving cousins.
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X-ray binaries! (microquasars)

e binary star systems
» black hole/neutron star

rima R I
p ry Accretion. - . : a X—ray heat;_ng

+ D~ 10 kpc s
: - = Hot spot .
* very direct probes: .y B 1 ‘
»>optical/IR/UV:companion, [ » o
outer accretion disk 5 _ '
» X-ray: inner accretion disk

\ ~

»radio: outflow g / - | Accretwn oo arios
) . B  wil S ompanion
* Timescales hours to _Disc wind.~ » stream. .. s'.t,ﬁ_;_

months

e v~0.1-1c =» 2-20 mas/day

*Scales:
10 k
@ 10 kpc inner disk 10-100 km
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An example: a year of GRS1915+105

Lots of variability, on
many timescales 1 e I

* Interpretation very

difficult without imaging 3 |
» What is the core

doing now? ST |

» When was the "=E | W "ty -“'-";:'J‘fi

! lj i;iﬁg;um.;o

.......

44444

materi al ej ected? 50 100 150 . \” ] %-D 250 )

Ryle Telescope on GRS
1915+105 (Pooley)
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EVLA-II: the New Mexico Array

 High sensitivity
»the NMArray alone has better continuum sensitivity than the current VLA
* Wide, continuous frequency coverage
 Continuous availability
 Superb resolution & 1imaging fidelity
 Easy linkage to VLA to image large scales
» Easy linkage to VLBA for even higher resolution

» Ease of use

Unprecedented and essential for transient/variable sources
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L2V LA-1

LVIVIA

Ly LAa-9/

EVLA-II: a typical fast outburst

[ day 2 days 4 days

* 30min obs. @ 34 GHz
»VLA-A: 50 mas
»NMArray: 5 mas

* GRS 1915+105

»Cyg X-3 moves half
as fast, similar flux
density
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Imaging with EVLA-II gives...

* Direct ties to accretion signatures
»>pure core light curves/spectral indices (cf. X-ray/radio corr’ n)
»ejection epoch(s)
=»what accretion disk states lead to ejections? how does this
work?
=>do ejections evacuate the inner disk?
=>» important ADAF/CDAF/JDAF/etc. model constraints
 Relativistic constraints on inclination, distance, precession

=>are jets & disks aligned? if not, what does this tell us about the
origin & evolution of the binary?

 Direct measurement of jet velocity, deceleration

=»can UL Xs be low-mass black holes?
=>»how important is mass in launching fast jets?
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Imaging with EVLA-II gives...

* Morphological evidence of interactions & instabilities
=»what exactly does the radio trace?

=>how much mass, energy, and momentum are carried by the
jet, and how does this compare with the mass accreted?

e Unbiased, complete, and consistent observations
»catch rare events
»characterize general behavior
»>trigger other instruments: cf. AGN X-ray jets
=>»what is the duty cycle of ejections?
=»arc outflows important only during outburst?

* Constraints on 1onized gas & accretion disk winds
»potential analogues of broad/narrow-line regions
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EVLA-II: 6 weeks after a big outburst
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EVLA-II images source evolution directly

=> movies of microquasar outbursts and interactions,
with simultaneous knowledge of the accretion disk (on a
range of scales!), mass donor, etc., for systems with
known masses, sizes, and histories

=>»same physics as AGN, with much more information
...direct comparison with VLA-A 1mages of AGN jets
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EVLA-II: ready for the unexpected
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SGR 1806-20

»huge magnetar outburst
in Dec04 (gamma rays)

»correspondingly huge
radio outburst, with
very fast decay (t) and
odd spectrum

» VLA-A barely resolves
expanding shell, 0.3¢

e shock with PWN?
e E~ E(gamma-rays)



SGR 1806-20 with the NMArray/30 min.

»morphology
»2D expansion rates

»2D spectral indices

0
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=

> limits on core emission

12 mJy source, 21mas across, Smas res’ n @ 34 GHz
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The time domain 1s the new frontier!

 Fundamental to science cases for
» Swift, XTE, ROTSE et al., SDSS, INTEGRAL
» LSST, Pan-Starr
» Constellation X, GLAST, EXIST
» LOFAR, LWA, SKA

* Radio 1s essential
> little extinction
» unique tracer of shocks, high-energy particles, magnetic fields
» spatial resolution (imaging, astrometry)

 EVLA-II provides fundamental, unique imaging
» sensitive, reliable, understandable coverage
» rapid response
» full, flexible frequency coverage
» superb resolution (and spatial filtering)
» readily tied to larger & smaller spatial scales (VLA27, VLBA)
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Why not the VLBA?

NRAO 1.3cm VLA IMAGES
GRO J1655.40

D T R BAGES » Sensitivity

CHO J1655-40

»Missing spatial
scales

=> NMA fills the gap

ALGUST 25, 19

\“ AUGLUST 29, 19

\‘ SEPTEMEER 11, 1954
G SEFTEMBER 19, 1994
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Outflows are ubiquitous e

5000 AU
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Enter the VLA/VLBA:

APRIL 3, 1994

APRIL 16, 1994

10,000 AU

ARC SEC
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Accretion disk tied to outflow...
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=>» X-ray state tied to radio
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XRB: accretion/outflow connections
I. Light curves
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etion/outflow connections

U.UU

Radio/X-ray
correlation...

»>big scatter
»only in one state
»not in big flares
»limited by radio!



Accretion disk tied to outflow

A: Radio / X-ray Flares
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Dhawan, Mirabel, & Rodriguez (2000)
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B: Superluminal ejecta.

VLBA, 2cm
1998 May 02

Ejecta move
by 690 AU

“ven -5/ ; A8 by
10 AUMr = 1.4c o LHgmps A4S b

» X-ray state tied
to radio outflow

> Fast timescales

» Need to be
lucky!

» Radio

confusion: core
vs. jet



Many questions remain. ..

» Is the X-ray (Compton scattering) corona the base of the jet?
» Relation to quasi-periodic oscillations
» Relation to accretion disk

 (Correlations outside the low/hard state
» Big vs. small ¢jections

 Black holes vs. neutron stars

» Why are BH fainter in X-rays? event horizon vs. outflow
» Lx vs. Lradio
» Jet speeds

 How important are jets?
» Luminosity, mass, energy
» Impact on ISM/CSM (incl. particle acceleration

 What is the radio emission?
» Core vs. working surface ; jet vs. shell
» What sets apparent speeds? brightness?
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Current studies are limited by radio data

GRO J1655-40: R16may05
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...without imaging!

10 56 47.0

DECLINATION (J2000)

43.5

43.0

42.5

MJD 53521 = 31 May 2005
2246 GHz 43.34 GHz

— oV

— 9

0
@ ° s 0 5
/ | | 1 | 1

191511.70 11.65 11.60 11.55 11.50 1145

RIGHT ASCENSION (J2000)

rms=0.12 mJy/beam
rms= 0.25 mJy/beam

National Radio Astronomy Observatory

13/14 June, 2005 EVLA Phase II Proposal Review

11.40

»Radio is not from the
core

» Spectrum is not simpl
»For new sources:
espeed
einclination
eperiod
etriggers!
» Confusion (eg, GalCtr

=» Even VLA/Ais good
only for the biggest
sources
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»Danger of mis-
Interpretation

»Danger of
MISSING
interpretation!

e M, E derivations

e Free-free emission
& accretion disk
winds



O Ullz

1.9Ullz

EVLA-II: 6 weeks after a big outburst
(30 minutes; 20 mJy; 1 arcsec)

EVLA-A NMArray  EVLA-37 » EVLA-I provides

sensitivity

» NMA shows
working surfaces,
limits on core

»EVIA37 shows
details of interaction,
poss. core/AD wind
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34 GHz

8 GHz

EVLA-IIL: 6 weeks after a big outburst

(9 hours; 20 mJy; 1 arcsec)

NMArray
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EVLA-37

0.0 -
CCCCCC

» NMA alone shows
core-jet connection

»EVLA37 allows
superb spectral index
studies, details of
working surface and
jet, etc. etc. etc.



